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HIBTOET MO EARLY mVXLOPEUENT 



ni« pxTBsent ddTelopement of the MBlIcttbl* 

iron industry has S0«died l«rga proportions* ^ppso»* 

Imating one million tons par: year. Although this 

tonnage has r«:die(£ such large proportions, the tech- 

niqjie of the inc&xstry has advanced but little* 
1 
Moldtaike in his book 8tat«»,<> *^ Ko bssnoh 

of the iron industry hi» e3q>erlenoed( «o little ohangv 

firom early methoda. ae the production of malleable 

oastings.* 
1 

The first record; we have of this in<fixstry 

is by HoKunur in 1723^, but patente were istti«£ to 

Lucaa in X80Mr, and to Bsown and LennofSK some fifty yearse 

later. ¥it hout doubt the MbllesEblising^ process was 

conducted in the same manner from the earliest time»« 

and the secrets of the process were hauided dbwn from 

father to son. 
1 

The piaare«: manufacturer of malleable 

castings in the Qhited Btatee wae ffeth Boydton of Hewsrk, 

Hew J^ersey. Although he did not solve the undtadying^ 

principles involved;, yet his recorded experiments mm 

the first we have and he dSeserves apeolal credit incMoaoh 



Richard lioldenke , The Production of Kalleable 
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9B they w«r« Bade at a time when «iientlfia cqpezlBents 

on Indbis trial problems wer* frowned upon. 

From the sliest times, the aanufaetiurer oiT 

malleable iron esnsrcised the greatest secrecy lest the 

cscrets of his work should become known t o his mm" 

petitorr and the public* The meltear of a MBllci^lfr 

works wss the oaa of the plant, and the owners wmiw- 

1 
entirely at his mercy. MoldJinke states,- * Son 

much so were the owners in the hands of their melterv 

that the latter always became partners in the end2, an<fi 

only then considered the interests of the worka before 

their own." 

Mm tbe industry stands today, it is furthest 

1 
advanced in the thtited States. MoldJendce statea,- 

* Perhaps to one man moxe^han any other of the self 
made men of ImericA, William MoConway of Pitteburgh} 
is due the credit fox the great change in the in» 
dustry. " It was he who in the eighties supported thft 
scientific study of the process, and the knowledge thus 
obtained was carzded by men whor went from shop to shojr* 
Due to the spreading of this information, and the lift- 
ing of the Tell of secxeey from the process, the pract^ 
ice and methods of the prooesjr wwre rcvolutionizedl 
Enough has bcm learned to enable a foundry to turn ou4 
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a good producct regularly ^ although the sclent if Ic 

principles underlying the process are knoimbut to a very 

fewj auid the research laboratories inveartigating these 

principles may be counted on the fingers of one hand« 
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PRESENT IMPORTANCE OF INDUSTRY 

1 

The azinual production of Malleable cawtlnga; 

St the close of the first cEaoade of the twentieth em- 

tury is about one million tone for the world. Of tthia: 

tonnage > Anerioa^ produoaea nin# t«ithflB» In Europe ^ 

Germany leads^ with England aeoomlj while Franca^ Itaalsr 

and Sweeden are small producers^ 
2 

Malleable iron occupies a position betwem 

ordinary cast iron and steals It has a higher tenslla 

atrength than cast iron but not so high aa that of steel , 

i^ile it's rceLlience is superior to eithexr. 

Malleable castings are largely used in 

railroad equipment because of this property of high 

rasilience. They are also largely used in aurlcul— 

tural implements^ pipo fittlngsst hand toalSj stovea^ 

eta« Where large numbers of small, malleable oamt- 

Ings are required, this industry has a monopoly of the 

business^ 



1 Richard Moldenke, The Production of Malleable 

Castings. 

3 James Aston, Wisconsin Engineer SVI, 8:341 
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FBEsnnr ikdusthial practics 

1 

The present method! of produclng^ malleable 
oastingB im trnXrlY general and uniform throughout the: 
country* The white iron caa tinge are paoked in roll^ 
ing mill aoale^ a^ad irecrtangulfir oaat iron bcosK ara 
used for the containera^ Theae oontainere are then 
luted over with fire clay in order to make them am 
tight mB poenLlrle^ and are placed in tiers inr Iffirge: 
briak furnaces* After the doors of the furnaces hwtt 
been bricked up^ the whole is brought up to the desired 
temperature^ and k^t there for two or three days^ Tha 
time consumed in again ooooling the furnace so that the 
charge may be removed also retjuires from two to threa 
daya« The total time required to produce m good 
product of malleable iron asrerages about a wmwk ^ 
from the time of making the charge to the time of 
dumping the pota« 

Af ter^ the castings have been dumped^ they 
oleaned^ inspected and sorted ^ and are ready for ship- 
men t[« 



1 Richard Moldenke, The Production of Malleable 
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THE MALLSA8LIZINa fBOCSSB 



A, Thm M^tcllogn^hy of Ibite (ftnnt licjon, 



6. The Theoiry of the Itelleablizlng Proceost 
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Th« Mctsllogin^y of lhit« Om^ Iron* 
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If 

THE METALLOGRAPHY OP WHITE CAST IROH 



The white cast iron used for the aaniifaatur^ 
of Malleable iron must be of suitable composition for 
such work^ and will have a Bioro-structure which is 
si miliar to the ordinary grade of white iron. The: 
ftccompanying micrographs on page ]A*:C. illustrate the 
structure of such white iron. The peurticular raunplc) 
used for these micrographs is from the Beaver^ Dma Bsl* 
leable Iron Ibrka^ of Beavezr Hbm, Wisconsin ^ and ir 
nepreeentative of the material used in the following^ 
experiments^ 

Figure 3«P shows a typical white cast iron 
structure* The white areas represent tha iron car^ 
bide> or Cement ite^ which was not attacked by the 
etching reagent^ Ficric Add. The dEecrk areas are 
FearlitS: and are compiosed of plates of Cement ite and} 
Ferrite. The general structure of Figure 7«4e. and 
4«mA is the samsi but there being more white areas in 
7«A shows that a larger percentage is presents 

Figure 3«P was taken from a sample which 
contained steel scrap in the white iron charga^ It 
shows a different structure than that of the other 
two samples; the areaa of FMP:^lite being roxind in form . 
AlsOi the white areas are not as prominent showing 
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that ther^ wag not Bm much aurbon ps^Bant* Thlft ift 

to br ttc^peotgd sft Bt%BX 0orap io^ genexially aidded to the 
white iron melt to out down the peroentage of Ottriion 
tn the white iron easting* 
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Figure 3>-P 



Figure 7-1 
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MICROGRAPH OF WHITE IRON 



Figure 4-A 
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PART II 



B 



IHE THiX)RY OF THE MALLSABLIZINQ PROCESS 

I. Proper 9took of whit* iron 
and lt*a chealcal analysis* 



SB, The effeot of heat txteatment. 



3. The aetallography of ■alleablc: 
iron. 
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PBQPER STOCK 

The atook used In this proooss is white <nwt 

iron; «r iron having the iron and oaarbon combincRiU as 

Gmentite or Iron Carbide* JL ohemioal malyaie of 

1 
■uoh white iron follows** 

(Baodson about 3«(XI^ 

Silicon 0.50 to l«Oj( 
Sulphur below 0«08j( 

Phosphorua below 0«83S^ 

laaganaaft 0»25 t o 0«9S)^ 

Ciaat tison ia a complex: alloy of iron with oier- 
bon and the other elements above listed. The state of 
the carbon is of the most importance and the other 
elements are secondary and influence the state of the 
carbon. Csrbon is associated with iron in three dif- 
ferent etates^ namaly^* As a definite oarbide known 
aa Oementitej with the formula Tm^CT | mm fztee^ carbon 
or graphitei and as a solid solution of oarbon or 
ODfflbined oarbon ({ carbide ) in iron* 

Of the secondary elements, Silicon exerts th# 
greateat influence on the state of the carbon, and tendlft 
t o form graphitic carbons Sulphur and Manganese tend^ 

X James Aston, ffieoonsin Engineer, X7I, 8 i 341 
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to form combined carbon* In the casting of white 19 
iron, the silicon content is so controlled that it*s 
influence during the cooling of the casting will not 
be great enough to precipitate out the carbon as txem 
graphitej but allow it t o rwmain in the combined form 
as iron carbide* 



3. DTSOT 07 HKAT TREATMENT 

When white iron is heated sufficiently, tha 
Cementite, both the excess and that present in the 
mtecrtoid, is broken down into it^s constituents of 
iron and carbon, according to the reaction,- 

rsgO s 3 Fa -h 
This change may result from a high heat for a short 
period of time, or from a lower heat for a longer 
period of time* 

The temperature and time necessary to effeet 
this change dbpends upon the composition of the white 
iron* The three elements which will determine these 
efffects are,* Silicon, Manganese and Sulphumi The^ 
Silicon will tend to lower the temperature since this 
element pms^ents the formation of combined carbon* By 
increasing the Manganese content, the temperature must 
be raised since it tends to keep the carbon in the 

Digitized by VjOOQ IC 



Digitized by 



Google 



aoabintd forn* Sulphur also has tendency to exexrt 
the same influence* 

Not only nuet the temperature: be high enough 
and the time long enough to break down the Cement ite in 
the white iron^ but the material must be oooled slowly 
or a steely structure will rwsult« 

Iben oast iron is properly malleablized^ thee 
caarbide is entirely broken down into it*s elementr, and 
the carbon is precipitated out as gloWles of flunorphour 
carbon^ surround^ by pure Fenrite« Carbon in this 
form is known aa Tmper Carbon & does not occur in 
flakes as in grwy oast iron« 



3. USTALLOGRAPHT OF MALLEABLE IRON. 
The accompanying micrograph on page 31 
showw^ the interior structure of malleable iron. Ihw 
white field is Ferrite and the dark spots cure particlwa 
of Temper Casbon* 
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31 



IClorogre^ showing the Interior strtoture of typical 

MALLEABLE IRON 



Figure No. 1. 



Digitized by 



Google 



Digitized by 



Google 



PART zir 



Digitized by 



Google 



n '] 



Digitized by 



Google 



33 



PART III 



goops or THie thesis 



*** 



M» Object of the Work. 

B, Plan of Attaak. 

0« Mcterlals and Apparatus UMd. 
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Objaot of the Work 
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(iBJECTS OF THIS THESIS 35 

1. Vary little data is available showing the 
effects of the variables entering into the malleabliz- 
ing process^ such as^*^ 

1. The effect of different packing materials. 

3. . The effects of different annealing temperat\ires« 

3. The effects of different times of annealings 

4, The effects of different times of cooling. 
This work was undertaken to show the effects 

of these variables^ and is given under PjlRT IV. 



2. To show what becomes of the carbon whioh is 

normally present at the surface of white cast iron and 
which disappears during the process of malleabllziQg« 
It has been held by some that this carbon moves to 
the interior of the casting, while others claim that the 
carbon leaves the casting entirely. See PART V. 
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PUN OFITTACK 

♦♦♦ 

The work was undaxrtaken sooording to the 
following plan^«« Hnring the chemioal analysis of 
the stock white iron as constant^ there aire five Taor*- 
tables entering into the aalleablizing procsess^ namely^^ 

1% Uttxking materials uaeiL. 

3. Temperature of annealing usedi. 

3« Time of anneal ing« 

4« Time of cooling « 

5« Time of bringing t he furnace and charge 
up to the heat desired. 

The last Tariable is entirely dependent upon the typ# 
of furnace use<£^ and because it is well known that the 
"/ rate of heating does not effect the resulting malleable^ 
structure^ the fifth \mriable does not enter into thi# 
work# In the following experiments therefore^ only 
the first four variables will be investigated^. 

By keeping three variables constant and^ 
varying the fourth for any set of experiments, the fourth 
may be obtained as a constant. This scheme followed 
to it*s logical conclusion should indicate the best 
conditions for producing malleable iron, and the in- 
fluence of the different variables* 
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PART III 



M&t«:iale and Apparatus Qaed! 
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MATERIALS JJSESt 

WHITS OAST IRON 

Ibe white Iron used was obtained from standi 
ard test bars* 3/4* x 3/4" x lOS and were supplied: 
by the Beareir Daai Malleable Iron Ibrka* Beaver Ham, 
liaoonsin* Tb« eheaical analyeie as auppliecdL by 
the company* a ohemiat« Mr* W« G. Qrimer^ is as followa,- 
Combined oarbon Z;»60 t o 2*70it 
Silicon 0*65 to 0*70^ 

SulphuZ!: 0*55 to 0«60j( 

Phosphorus « 14j( 

Manganese 0.37^ 

PlflKIHa MAMRIAlg 

The packing materials used consisted of 
rolling mill soale, and other materials as supplied 
by the laboratory. 

CONTAINERS FOR SPECIMENS 

The containers were made of 1 l/'3" pip*i> out 
to length to take specimens about 3* long^* These con«> 
tainers were luted shut with fire clay except where pipe 
nipples and caps w«re used* The latter will be noted 
as "Qpeoial Box:" when used* 
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yVHN^csqf 

The two muffle furnaoea used were eleotrio 
muffles built by the suithor in the (Shmiofel Engineer- 
ing Laboratory^ and consisted of muffles heated elect- 
rically by means of rssistance wire* 

ygtOMETSRS 

The pyrometers used were couples supplied by 
the laboratory^ and were standardized against & stancSaard 
Platinum « Platinumt-Rhodium Couple* 

FORNACE RDOULATION 

One furnace was controlled by means of a lasmp 
b«ik in series with the furnace ^ and waa suppliaod with 
current from a 110 Volt^ Alternating Current Cirxmit* 

The other furnace was on a 330 Volt^ Alteir^ 
nating Current Circuity and the pressure was regulated 
by means of a low voltaige transformer. The current 
was regulated by means of a lamp bank in series wit h 
t he primary coil of the transformer. 

Both of these methods of control were found 
satisfactory in every respect* 
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PART IV 
DATA 



A* Effect of Toxlous Pocking Materials. 

6* S£fJBCt of Oiff«rent T«nperat\xre8 of Aruxettling. 

C* Sffeet of Qiffessnt Pariods of Cooling* 

0« Sffftct of Different Periods of Annealing, 
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PART IV 



♦ ♦♦ 



THE SFF£CT OF VARIOUS PACKINO MATE31IAL& 

Z. Constanta In t his ovries of Experlmdnts* 

II* Dftta^ 

Sxperiment #!• 
S3^er Iment #3. 
£jq>eriment #3* 

III. MloiDographs of Tjrpleal Specimens* 

IT* Results aoid Conalusions. 
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I. 



(CONSTANTS * PAQKING SERISfiT 



!• Temperature 



1600-50 ** F. 



3* Time of Annealing 



50 Hours 



3. Time of Cooling: 
to 500 degrees F« 



50 Hours 
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PART IV 



♦ »♦» 



IZ. A. T 4 ^ PjySXING SERIES. 



(a) XsqpexlHientB Numbax: 1^ 9 end 3^ 

1. D«ta showing kind of packing uoadj 
number of apeolmen^ amd oonditlonaB 
of packing material and epedmens 
after annealing. 



3. Time •« Temperature heating and 
cooling curves* Chart Ho» 1« 



3* Summatldn data^ and results of 
microscopic examination of q;)e6l« 
mens after annealing. 
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PART ZV 

»♦♦♦ 

A 

II 

♦♦*♦ 

(a) SXPERIMENTS NUMBERS 1^ 3 and 3. 

It Data showing the kind of packing used; number^ ot 

the spedaeni and oonditionB of the packing material 
and flgpecimene after annealing^^ upon unpacking • 
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SIPSRIMENT Ho> 1 

Specimen #1^ psoked in iima. Fairly heavry soale on 
specimenj paoking adherent but easily 
ireaoved:. 



Specimen #3^ packed in 8and^ Fairly hea^y aoale on 

specimen^ with eand adherent and colored 
red. 



Spedmen #3^ packed in Alundum. Specimen eurroiinded 

with a hard ahell^ which was easily re- 

Hioved> and left the specimen clean and 
colored red!. 



Specimen #4, packed in Rolling Mill Scaler Fairly 

hea^^ toiacioue scale; packing adherent • 

Specimen #5^ packed in Sesister Carbon. Packing not 

adherent to specimen which had a blue & redE 
color. 



Specimen #6^ packed in Manganese Dioxide* Specimen and' 
container hearily attacked'; specimen coTer«^ 
with a shell about l/l6^ thick which waa 
easily removed^ and left the specimen clean 
and blue in color. 

Specimen #7^ packed in Neat Cement* Packing disin^ 
tegrated and not adherent. 

8pec^im«i §8, VO PACKING. Rea^fy, tenacious scale formed. 
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sxPKgiMENT No. a: 



G^eclmen #9^ paokexl In Coarse Fire Clay. Fairly hea\ry 
soalej packing adherent. 



« #10, paoked in fine Rolling Kill Seale. He»vy 
scale. 



* #11 J paoked in pure Iron Gbiide. Fairly heavy 

scale; packing adherent and brown in colore 



* #12^ packed in fine Graphite. Specimen oleanj 

packing hard. 

* #13^ p»:ked in iUumina. Fairly heavy scale; 

packing adherent. 



* #14, paciced iii Chromite. Heasry scale; packing: 
adherent. 



* #15, paoked in Braea Turnings. Packing fusedi 
and adherent. 



^ ilt, No Packings Speaimen at end of furnace^ 
Coated with heavy black scale. 
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EJEPHRIMSNT No. 3 



SpaKJlmen #16^ packed in Portland Cement. Fai^Diy heavy 
aoalej packing tenaciously adhei2:ent. 



II 



ff 



« 



II 



#17, packed in Bauxite. Unary scale easily 
removed; x>a(k^ng adherent. 



#18 a packed in Hydrated ffagnesia. Fairly heaary 
ecale; packing somewhat adherent. 



* #19, pascked in Tine Fire Clay. Specimen deanj 
packing hard' and pinkish in color. 



#20 1 paioked in ordinary Iron C&dde. Hjbw^ scale j 
packing adherent and lumpy. 



* #XLi packed in Cfeorborundum* Thin nu^e; pack- 
ing adherent. 



#as^9 No Packings standing in center of furnace« 
Heavy scale fomed. 
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PART IV 



**** 



• **« 



ir 



••*• 



( a ) IXFERIKENTS NUMBERS 1, 3 md 3. 

3* Tine- - Tonperature Heating and Cooling Curves 

CHART Ko. 1. 
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PART IV 

ir 



( a ) EXPERIMENTS NUMBERS 1, 3 and 3. 



•'***# 



3. Suamatlon Data and Results of Microscopic Ssamina- 
tion of Specimena after annealing. 
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ANNEALING Ti3<PERATUR£ OF 1600 - 1650 degrees Fthrenheit; 
TIMS 07 MUNTIINING OMME, 50 HOURS; 

TIME OF COOLING TO 50a degrees Falixenheit;, 50 HOURS^, 

ao Itoure to 1390^ F. 
18 houre to 1850° F. 
lac hours to 500° F 

***************** 
MICROSCOPIC SaCiyiNATIOH 

Specimen #1, packed in Lime 

Edge^ Temper Carbon and Feszdte 
Center Temper Carbon ■ " 

Specimen #7, packed in Sand. 

Edge Temper Carbon and Fcrrite 
Cent er Do 

Specimen #3» packed in AlundUm. 

Edge Thin layer^ of F«:rite; high Cazdson Steel. 

Center- Temper Carbon and Pearlite. 

Specimen #4> packed in Rolling Mill Scale. 
Edge Ferrite and Pearlite 
Center Temper Carbon and Ferrite« 
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Specimen #5^ packed in Reeister Ceurbon. 
Edge Forrite and Fearlitr 
Center Temper C^rtion; Ferrlte and Pear lite. 

Specimen #6» packed in Manganeee Diaxide. 

Edge Heairy layer of pure Ferrite. 
Center Temper Carbon and Ferrite. 

Specimen #7^ Packed in Neat Cement. 
Edge Pure Ferrlte. 
Colter Temper Carbom and Ferrlte. 

Specimen #8j No Packing. 

Edge Temper Carbon and Ferrite. 

Center Temper Carbon 4- Ferrite. 
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XXPSRIUSNT No. 3. 

^♦♦♦»- 

AHNEALING TEMPERATURS OF 1650^ T. j 

TIMi: OF MlINTlIiriNQ SXMg, 5a HOURS} 

TIME OF COOLING TO 500 F., 50 HOURS; 

9 hours to 1390^ T. 
13 hours to 1350^ F. 
38 hourtf to 500^ F. 

♦♦♦♦♦♦ 

MIBROSCOPia niMINATION 

Specimen #9^ packed in COsuree Fire Clay. 

Edge Ferrite and Pearlite 

Giant er Low carbon steel and Temper Carbon. 
Specimen #10^ packed in Rolling If ill Scale. 

Edge Ferrite and High Carbon Steel. 

Center Mild Steel and Temper Caxbon* 
Specimen #11 ^ packed in pure Iron Oxide* 

EAge Ferrite and High Carbon Stee 

Center Medliun Carbon Steel & Temper Carbon* 
Speaimen #12^ packed in Fine Graphite* 

Edge Ferrite and High Carbon Steel. 

Center Medixun Carbon Steel and Temper Ckrbon. 
Speorimen #13^ packed in Alumina. 

Edge F«rrite. 

Center Medium Carbon Steel and Temper Carbon* 
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Specimen #14^ paoked In Chromlte. 

Edge Ferrite and Peaurlite. 

CTsntar Pearl ite and Temper Carbon. 
Specimen #15^ packed in Brass Turninge. 

Edge Yellow metal and Pearlite. 

Center Pear lite and Temper Caxbon. 
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SXPERIUENT No. 3 
**** 

SAME TEMPERATURE AND PERIOD OF HEATING AS No. 3. 

TIHI er OOOLING TO 5OO^r«b£0nhelt» 50 HOURS. 

5 hours to 1390^ F. 
10 hours to 1350^ T, 
35 hours to 500^ F. 

MICH08GDPIG EXAMINATION 

Specimen #16, packed in Portland Cenent.. 

Edge Ferrite & Pearllte. 

Center Peaxlite & Temper Carbon. 
Specimen #17, packed In Bauxite. 

Edge Ferrite & Pearllte. 

Center: Pearllte & Temper Carhon. 
Specimen #16« packed in Hydrated Magnesia. 

Edge Ferrite & Pearllte. 

Center Pearllte &. Temper Carbon. 
Speelmenti #19, packed in fine Fire Clay. 

Edge Ferrite & Pearllte. 

Center Pearllte & Temper Cturbon. 
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Specimen #20, paaked in Iron Oxide. 

Xdge Ferrite <S: Pearlite. 

Cttiteir Pearlite & Temper Carbon. 
Specimen #31, packed in Carborundum. 

£dge Ferrite & Pearlite. 

Center Pearlite & Temper Carbon. 
Specimen #33, Ho Packing used. 

Edge Ferrite & Pearlite. 

Center Ferrite & Temper Carbon. 
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PART Vf 



Ml* 



• *• 



III. MIGTROGRAPHS * PACKHTQ SISIXa 



** 



8«« Figures No* 1, 2, 3, 4« 5, 

8, 9, 10, 11, 13. 



Digitized by 



Google 



Digitized by 



Google 



50 



PART IV 



***' 



»♦•* 



IV. RESULTS AND CONCLUSIONS * PACKING SERIES. 
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SISULTS MO CONCLUSIONS. 



4i««* 



The results obtained by the use of Taxloua: 
packing materials^ warrants the conclusion that they 

have no important effect upon the interior structure 
of malleable iron. However j it la noticreable that 
those packings whicdi are not stable at the annealing 
temperature used^ have seemingly been the most active 
in causing a removal of the carbon from and near the 
surface of the specimen. 

The surface^ or skin effect is dependent upon 
the nature of the packing used, and also upon the method 
of packingi that la, whether the materials are loosely 
papckedc and allow free access of the oxygen in the air« 
fhara an oxidizing packing is used, or where a speolmen 
is loosely packed", the carbon was entirely removed from 
the outside portion of the specimen. 

there a packing was used which would pack 
closely about the specimen, such as fine fire clay, tha- 
decarbonization took place only to a limited extent* In 
this case the carbon remained as a Pearlitic structure 
of varrying thickness, Experiments were run with 
carbon in various forms ( see also Experiments No« 16, 
17 and 18 ) as the packing materials, and a Pearlitic 
structure generally obtained as a skin effects 
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Thee a experiments resulted in the follow^- 

ing conclusion^- The presence of oxygen is necessary 

for the decarbonization of the surface^ and that this 
oxygen is supplied by the air and finds it^e way to ths 

specimen owing to the looseness of the packing material. 

These experiments also show that a rapid 

rate of cooling causes the formation of steel as the 

interior structure of the specimen. 
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PART IT 

B 
• •** 



THE IFFE0T8 OF OIFFEREHT TE1CPER1TURS8 OF AHNEALIHO; 

!• Conetant* in this t^iea of e^erisettK. 

Zr. Dctc, 

Sq>«rinent8 #4 to 10^ inclusiv*. 

in* Mioxographa. 

IV. Raaulta and Oonclueions* 
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PART XT 

B 

1. C0N8TAHT8 * TiVPERATURE SERIES. 



1. Pocking mater lal8j auch aa fire clay» 
rolling mill aoale^ no packing^ and 
several others* 

3« Time of Annealing » 50 hours. 

3. Time of Cooling s 50 hourr« 
to 500 degrees F. 
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PART ZV 



i»i»i»i» 



B 



i»*»* 



IZ* DATA * TEUPERATURE SSRISa. 



( a ) Ixp#rl]ttent8 Number 4' to 10 inalu8lvo» 

!• Ifeita showing kind of paoklng used^ 

nujnber of specimen; and conditions of 
packing material and specimens after 
annealing* 

2. Time - temperature heating and cooliag 
aurves* Charts #2^ #3 and #4. 

SU Stinmatlon data and results of mloro- 
eeooplc examination .of specimens after 
annealing. 
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PART IV 



♦ *^Mr* 



B 
♦♦•♦ 

II 

♦♦♦» 

( a Y SZPERIMINTS NUMBER 4 to 10 INCLUSIVS* 



!• Data showing the kind of packing used; nuaibexr 
of the specimen J and condition of the packing 
material and specimens after annealings and' 
upon unpacking* 
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KXPERIMEHT Ho^4 



Specimen #3I> packed: in Resieter Carbon. Fairly heavy 
- aoale; packing burned to aab. 

Specimen #34, pacdced in Tron O^de. Thin scale; pack** 
ing not adherent. 

Specimen tZB, packed in Stand containing 10j( Reeister 
Carbon by Tolume. Sknd tenaciously ad* 
herentj fairly heavy scale hard to remove. 

Specimen #37, paoked in Rolling Mill Scale* Bairly heavy 
ftcalej packing caked hard but not adherent* 

Specimen #38, packed in Rolling Mill Scale. THIS SPECI-* 
MEN HAD PREVIOUSLY BEEN HEATED FOR SEVERAL 
HOURS AT 1600 DEGREES FAHRENHEIT. 

Specimen #89, no packing. Fairly heayy scale. 



E XPERIMEHT Ho. 5 



Spexrlmen #30, packed in Resieter Carbon. Thin scale; 
packing brown In color, and not tenao- 
iously adherenjr. 

Specimen #31, packed in Iron Oxide, Heavy scale; 

packing blue in color and tenaciously 
adherent. 

Specimen #33, packed in Iron Oxide containing 10j( 

of Resister Carbon by volume. Fairly 
heavy scale; packing blue in color and 
tenaciously adherent. 

Specimen #33, packed in Fine Fire Clay. Thin scale; 
packing adherent and yellowish in color^ 

Specimen #34, packed in Rolling Mill Scale* Fairly 

heavy scale; paurking adherent; specimen 
red in color. 
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Speoimen #35^ packed in Oraphito. PREVIOUS HEATED 
SPEdUEN. 

Specrlmen #36, (Hrey Iroir. packed in Rasieter Carbon. 
Fairly heavy scale; packing adherent « 

Specimen #37^ lo Packing* Thin scale; specimen blue 
in color « 



EXPERIMENT Ho> 6> 

Specimen #38^ packed in Reeister Carbon. Faoking 

biirned at ash at ends of specimen where 
a fairly heavy scale was formed^. Spmo±^ 
men so hard that saw would only touch the 
outside* 

Specimen #39, packed in Iron Ojd.da. Packing slightly 
adherent. Specimen too haord to S6ar« 

Speorimen #40> packed in Iron Oxide containing 25j( of 
graphite by volume. Thin scalej peak- 
ing not adherent. Specimen too hard 
to saw* 

fllpecimen #41, packed in Rolling Mill toale with 10j( 
of graphite by volume* Thin scale; 
packing somewhat adherent. Specimen 
too hard to saw. 

Speodmen #43, packed in Rolling Mill Scale. Thin 
scale* SPEaiMEN SOFT ENOUGH TO Sil 
IN TWO. 

Specimen #43, packed in Sand containing 35j( of Re«>* 
sister Carbon by volume. Thin seal a; 
packing adherent. Specimen tea hsurdi 
to saw. 

Specimen #44, lo Packing. Thin scale. Specimen too 
hard to saw* 
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Speciften #45> packed in Rolling Mill Scale* Fairly 
heavy ecale^ tenaoioualy adherent* 
Speeimen too hard to 8aw« 



i»**«*»***i» 



gXiPERIMlMT Io>7 

Speoifflen fMa^ packed In Resieter Okrbon. Paeking 

burned to ash at ends cuid slightly adher- 
ent* Specimen too hard to saw. Thia^ 
specimen was at end of furnace* 

Specimen #39a» packed in Iron Oxide* Thin scale; pack- 
ing slightly adherent* Sg^mimem too haffd 
to sav* This specimen was at end of the 

furnace* 

Specimen #41aj packed in Scale containing 10^ of 

graphite* Fairly heavy scale; packing 
adherent* Qpeeimen very hard to saw in 
two* This specdmen at aenter of furnace* 

Specimen #43a, packed in Ssmd containing 35% of Resiateir 
Carbon* Fairly heavy scale with packings 
adherent* Speeimen very hard to saw* 
This specimen at center of furnace* 

Specimen f44ai Ho packing* Thin scale* Specimen very 
hard to saw; This specimen at center of 
f\irnace* 

Specimen #45a^ packed in Rolling Mill Scale* Thin 
scale with adherent packing* Spexslmen 
hard to saw* This specimen at end of 
furnace * 
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I X P E R I M E H T Ho> 8 



Spaolaen #46> pmoked in Roeiettr Carbon. Packing burned 
to ash at ends where it was adherent to 
speolinen. Too hard to saw« 

Speoimen #47^ packed in Iron Oxide* Vlury thin scalr 
with packing not adherent • Too hard to 
saw« 

Specimen #48 ^ fucked in Sand containing 35% Resister 
Carbon by volume. Thin scale with pack** 
ing ftomewhat adherent. Too hard to saw. 

Specimen #49^ packed in Rolling Mill Scale. T#ry thin 
scale with packing slightly adherent. 
Too hard to saw. 

Specimen #50^ packed in Rolling Mill Scale. Thin scale 
with packing somewhat adherent. THIS 
SPECIMEN HAD PREVIOUS TREATMENT FOR A 
FEW HOURS. Specimen hard to saw. 



Specimen #51> packed in Scale containing asjb of Resister 
Carbon by Tolume. Thin scale with pack- 
ing somewhat adherent. Too hard to saw« 

Specimen f5S^ paidced in Chromite. Thin scale with 

packing not adherent. Too hard to saw. 

Specimen #53^ No pack ing • Thin scale:. Too haurd to 
saw in twoj saw went in about l/S". 
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SpaBoimen #54, packed in GQraphlta IN 8PE(nAL BOX. 
Ho scale with packing not adherent. 

Specimen #55, packed in Fine Fire Clay IN SPECIAL BOX. 
No ccale with packing dark in color and 
not adherent. 

Specimen #56 » packed in Graphite. Thin scale with 
packing burned at ends. 

SpflP imen #57« packed in Rolling Mill Scale* Thin seals' 
with packing adherent and caked. 

Spseimen #58 » packed in Fine Fire Clay. Very thin 
scale slightly adherent. 



*4i***4>**** 
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IIPERIMENT No>10 



Specimen #59, packed in Scale IN SPECIAL BOX. 

No scale with packing not adherent. 
Too heird to saw. 

Speeimen #60, packed in Rolling Mill Scale. Falsly 
heav^y scale with packing adherent. 
Very hard to saw in two* 

Specimen #61, packsd in Graphite IN SPECIAL BOX* 
No scale with packing not adherent. 
Hard to saw in tve. 
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Sptoimen #63^ packed in Graphite. No scale with 

packing not adherent. .lot easy to mw» 

Specimen #63 j packed in Fine Fire Clay. Thin acale 
with packing tenaciously adherent. 

Speeimen #64^ packed in Fine fire Clay containing 10^ 
of Graphite by Tolxxme. Thin swal^ 
with packing tenaciously adherents . 
Too hard to saw. Specimen at end of fur>- 
nace« 

Specimen #65^ lo packing* Thin scale. Too hard to 
saw. Specimen at end of furnace. 
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PART IT 

B 
• •** 

ZI 



( A ) IXPERIUEKT8 lUlCBEBB 4 tto 1 INCLU8IYI. 

3* TlBO o Tnaporature Beating and Cooling (EUTTeB* 

Oharts #3, #3 and #4. 
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PART IV 

B 

ZI 



( a ) UPERIUEKTS HDMBERS 4 to lO iiclusive. 

3. Summation data and leeulte of Hicroecoopio 

Examination of Speolmons after Annealing. 
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itHNSALIKG TSUPiSUTURE OF 1500 degrees Fahrenheit j 

TIMS OF MAIHTAIHING SAMS, 50 HOURS; 

TIME OF COOLING TO 500 degrees Fahrenheit, 50 HOURS. 

4 hours to 1390"* F. 

5 hours to ISSO^'F* 
41 hours to 500^ F. 



OV ACCOUNT OF SPECIMENS BEING TOa HARD TO 8AW« NO 
SECTIONS WiSlE MADE FOR SPECIMENS NUMBER ft, 34, 35, 
36, 37 and 28, OF THIS EXPERIMENT No. 4. 

Specimen #38, packed in Scale. Piterlously treated* 

Idge Ferrlte; Teoiper Carbon & Pearl it«. 
Centes:- Temper Caurbon and Pearlite. 
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E X P E R I 11 E N T Ho. 5. 69 

***** 

JOfflSALING TEUPERATURE OF 1400 n^x»nhelt} 

TIME OF UAINTAINIKG SAME, 50 HOURS) 

TIKE OF COOLIHO, 50 HOURS; 

1 hour to 1390'' F. 

4 • • 1250*F. 

45 " ■ 500*F. 

********** 

MICROSCOPIC EXAMINATION 
Speoinen #30 « packed in Reeleter Carbon. 

Sdg« Fcrrite and Pearlit«. 

Clint er Temper Carbon and Ferrite. 
Specimens #31 and 33, pa^ed in Iron Oxide S O^de with Carbon. 

Edge Ferrite 

Center Ferrite euid Temper Carbon. 
Specimen #33, packed in Fine Fire Clay. 

Edge Ferrite 

Center: Ferrite, Temper Carbon & Peeurlite. 
Specimen #34, packed in Scale. 

Edge Ferrite 

Centez^ Ferritej Pearlite & Cementite* 
Specimen #35, packed in Qraphite. Previously Treated. 

Edge Ferrite. 

Center: Ferrite; Cementite and Temper Carbon. 
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Specimen #36, Grey Iron* No change in atruoture.* 

Specimen #37, Ho paojclng* 

Idgtb Fcrrite. 

Center F«rlte| Temper Carbon & Cementite* 



SXPERIMEHr Ho«6 



AUNEALIKG TEMPiSlATURE OF 1300^rKfarenheit| 

TIIS OF MAINTAINING SAMK, 50 HOURS; 

TIUI OF COOLING, 50 HOURS. 

1 hour to 1250 ^ F* 
49 ■ ■ 500**F. 

**** 

MICHPSCOPIC EXAMINATION 
Specdmen #48, packed in aeale^ Prcriously treated;. 
Edge Ferrite and Pearllte* 
Center Only slightly changed. 

ALL OF THE SEST OF THE SPECIMENS WERE TOO HABflT TO SAW. 
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SXPSRIMEHT Ho. 7 

AHNEALIHG TEMPERATURE OF 1350* Fl^renheiti 

TIICE MAINTAINED, 50 HOURS; 

TIME OF COOLING, 50 HOURS; 

7 hours to 1390 "^ F. 
43 " • 600* F. 

***** 
MsL OF THE SPECIMENS OBTAINED IN THIS EXPERIMENT WEBT 
EITHER TOO HARD TO CUT, OR AFTER BEING EXAMINED, SHOWED 
VERY LITTLE CHANGS. IN STRUCTURE FROM THE WHITS IRON. 

***•****•*****•**•*•• 

EXPERIMENT No. 8 

***** 

TEMPERATURE OF ANNEALING OF 1000** to 1300* Vahranheitj 

TIME MAINTAINED, 130 HOURS; 

TIME OF COOLING TO 800"* F. of 36 HOURS. 

**** 

Speolfflen #50, packed In Scale. Peviously treated. 
Edge Ferrite & Temper Carbon. 
Center Not entirely changed* 

ILL OF THE REST OF THE SPECIMENS WERE TOO HARD TO 
SAW. 
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KZPSRIMSHT No. 9 

i^nrSILINa TSUPSRiTURE Of 1600*- so"* r«iueimhaitt| 
TIMS MAINTAINED, 50 H0URd| 
TIKE OF COOLINa OF 50 HOURS, 

10 hours to 1390^ F. 

8 » " laso* F. 

38 • ■ 500* F. 

♦♦•(• 

Spoolmen #54, pmaktdH In Oraphite, SPECIAL BOX. 

Edge Poaxllte. 

Canter Not aompletely changed. 
I^eclmen #55, p&oked In Fine Fire Clay, SPECIAL BOX. 

Edge F«rrlte smd Pteurlite 

Center About half ohangodL 
Speoimen #56, x>aoJced In Graphite. 

Edge Ftrrlte and Ptarllte. 

Center Fttlrly well changed* 
Specimen #57, packed in Scale. 

Edge Ferrite & Pearlite. 

Center Fairly well changed. 
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Qpeoimen #58, paoicad in Fine Fire Clay. 

Sdge Ferrlta & Pearllte. 

Center: Ferrlte; Teniper Carbon & a little 
Ceaentite. 

******************* 

E X< P E R I M S N T No. 10 

*** 

AlINEALINa TEMPERATURE OF 1450*"- 75*" Fahrenheit | 

TIKE UAINTAINSD, 60 HOURS; 

TIUS OF COOLING, 50 HOURS; 

6 hours to 1390^ F. 

6 ■ • IffiO* F. 

38 • " 500* F, 

• ••' 

ALL OF THE SPECIMENS IN THIS EXPERIMENT WERE EITHER 
TOO HARD TO SAW, OR SHOIED THAT THE ORIGINAL tHITE 
IRON STRUCTURE WAS VERY SLIGHTLY CHANGED. 
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PART IT 
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*••** 



III. MICROGRAPHS* TEMPERATURE SERIES. 



**** 



8«« Figures Ho. l, Z, 3, 4, 6, 7, 8, 

9, 10. 13. 
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PART IV 



• *** 



B 



• **» 



XT, BX8ULTS AHO CONCLUSIONS * TSCPERATURE SERIES. 
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RaSULTS AND CONCLUSIONff 

From the results obtained in this series of 
saqp03rijients^ the conclusion is reached that for white 
iron of the anaaysis fumishedE, m. taxnperatura of 14D0 
degrees Fahrenheit is necessary to cause a complete 
breaking down of the Cement its into Ferrite and Temp«r 
Carbon. 

Sap^iment |8 shows that the specimens heated 
for lao houra at 1000 to 1300 degrees Fahrenheit werm 
still unchanged; with the e^eception of specimen #50 
which had previously been heated for a nxanber of houra^ 
at 1600 degrees FaQirenheit^ and whose interior struct^ 
ure was still not completely changed^ 

The same general results hold t rue for 
Experiment #6 where the azmealing temperature was 
1^0 degrees Fahrenheit^ and the period of heating waa^ 
50 hours. 

The results of Experiment #5^ where the 

annealing temperature was 1400 degrees Fahrenheit^ 
show that only those specimens at the center of the 
furnace were well changed, while those near the door 
still had some Cementite present. 



Digitized by 



Google 



I 



Digitized by 



Google 



77 

The same gttaeral results hold true for 
Sxperiments #4 and #10> so that for the following 
Sjqperlments an annealing temperat\ire of 1550 - 1690 
degrees Fahrenheit will usihI as the constant* 
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PART IV 

*♦♦♦♦ 
<^ 

TH£ EFFECTS OF QIFFERENT PERIODS OF COOLINa FROlf THff 
ASNEILING TEUPERATURE TO SOO DEGREES FAHRENHEIT, WITH 
VARIATIONS TO 1390 DEGREES; 1390 to 1350 DEGREES; ANOT 
X8S0 Tb 500 DEGREES FAHRENHEIT. 

I« Constants in this series of experiments. 

II. Dstft 

Kxperlments #11 to 16 inclusive. 

III. Viccographs. 

IV. Resiolts and Conclusions. 
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PART IT 

• «** 



**** 

I. O0HSTAKT3 * OOGLim SERIES. 
1. Packing materials* 

3. Temperature e i^o - 1650^ F* 
3. Time of annealing « SO hours. 
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PART IT 



• «** 

II. DMSk * COOLING SSRIES. 

( a ) B3Bperlment8 #11 to 16 Inclusive. 

1, Data showing kind of packing ueedj 

number of speoimen; and conditions of 
packing materials and specimens after 
annealing. 

3* Time - Temperature heating and aooling- 
curves. Charts #5 to 10 inclusive. 

3, summation data and results of miorosoopi® 
examination of specimens after fiuanealing-. 
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PART IV 
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ir 



( A ) KZPERIUENTS NUUBERS 11 to 16 INCLUSIVE. 

1« Data showing the kind of packing used; numbdir 
of the Bpeolmen; and conditlona of the packing 
materlale and speolmenB aifter annealing; 
upon unpack lng« 



Digitized by 



Google 



Digitized by 



Google 



EXPERIMENT No. 11 SST 



Specimen #66^ packed Gbraphite. Packing burned to 

a8h at ends where a fairly heavy scale 
was formed. 

Specimen #67 ^ packed in Scale. Heavy scale; packing- 
adherent emd caked. 

Specimen #68 ^ packed in Fine Fire Clay. Fairtly heavy 
and tenacious scale; packing adherent. 

Specimen #69j packed in Scale containing 25^ of Graphite 
by volume. Heavy scale; auiherent packing. 

Specimen #70^ packed in Chromite. Very heavy scale; 
adherent packing* 

Specimen #71, No packing. Heavy scale. 

Specimen #73, packed in Fine Fire Clay containing 35^ 
of Oriqphite by vol\uae. Heavy scale; 
adherent packing. 

EXPERIMENT No. Ig^ 



Specimen #73, packed in Scale. Fairly heavy and 
tenacious scale; adherent packing. 

Specimen #74, packed in Scale containing 35^ of 

Graphite, in SPECIAL BOX. No scale; 
specimen clecui. 

Specimen #75, packed in Chromite. Fairly heavy 
scale; adherent packing. 

Specimen #76, packed in Fine Fire Clay. Heavy scale; 
adherent packing. 

Specimen #77, packed in Graphite. Packing burned 
and adherent; fairly heavy scale. 

Specimen #78, packed in Iron Oxide. Fairly heavy, 
tenacious scale; adherent packing. 
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Speolmen #79^ Ho packing. Heavy scale* 

Specimen #80| packed in Sand containing S^ of 

Graphite by volume* Heavy, tenacioue 
scale; packing adherent « 
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ETPERIMEHT Ho>13 

Specimen #81j packed in Scale In SPECIAL BOX. Thin 
scale; packing not caked « 

Spex)lmen #83^, packed in Oraphite in SPECIAL BOX. 
No scale. 

Specimen #83| packed in Seals* Heavy eind tenacious 
scale with packing adherent* 

f^aoiinen #84, packed: in Graphite* ffeavy soale; packing 
burned* 

Specimen #85, pu)ked in a mixture of fire clay and 

neat cement* Packing disintegrated and 
not adherent. 

Specimen #86, psraked In Chromlte* Heary scale; ad- 
herent packing. 

Specimen #87^ No packing* Heavy scale* 

^ 4t ♦ 4t ♦ ♦ 4t ^ 4t ♦ ^ 

EXPERIMENT No* 14 



Specimen #88, packed in Scale in SPECIAL BOX, 
Thin scale; packing caked. 
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Specimen #89, paoked in Scale. Heavy and tenacious 
scale; with packing adherent. 

Specimen #90, packed in Fine Fire Clay. Heaary scale 

easy to remove; packing somewhat adherent* 

Specimen #91, packed in Graphite, Heavy and tenacious 
scale; packing burned* 

Specimen #93, No packing. Heavy scale. 



S X P S R I M E K T No. IS 



Specimen #93, packed in Bone Black in SPECIAL BOX. 
No scale; packing not burned. 

Specimen #94, packed in Scale in SPECIAL BOX. 
No scale; packing caked; 

Specimen #95, packed in fine Fire Clay* Fairly heavy 
scale; adherent packing. 

Specimen #96, packed in Scale. Fairly heavy & tenaciousB 
scale; adherent packing. 

Specimen #97, No packing. Heavy and tenacious scale. 

Specimen #98, packed in Chromite containing 35^ of 
Bone Black. 

Fairly heavy A tenacious scale; packing 
adherent. 
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EXPgRIMEN T No> 16 



Specimen #99 ^ packed in Bone Blade In SPECIAL BOX. 

No scale; packing Bomewhat burned at one 
end. 

Specimen #100 > packed in Fine Fire Clay in SPECIAL BOX. 
Ho acals. 

Specimen #101| packed in Fine Fire Clay. Heavy scale; 
packing adherent. 

Specimen #102^ packed in Scale, Heavy and tenacious 
scale; packing adherent. 

Specimen #103 ^ packed in Scale In SPECIAL B0X« 

Speoimen clean; packing grey in color « 

Specimen #104^ Ho packing. Heavy scale. 

Specimen #105^ packed in Iron Oxide containing 
35% of Bone Black. Fairly heavy 
sind tenacious scale. 
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PART IV 
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( a ) EXPERIMENTS NUMBERS 11 to 16 INCLUSIVE. 

3« Time - Temperature Heating and Cooling CUrvett. 

Chart B #5 to 10 inclufirive* 
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PART IV 

c 
II 

( a ) EXPERBfENTS NUMBERS 11 to 16 INCLUSIVE. 

S« Summation data and Results of Uicroscopia 
Examination of Specimens after Annealing. 
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g I P S R I M E N T No. 11 

iKNXALINa TE^ERATURE OF 1600 degrees Fahrenheit; 
TItfE MAINTAINED, 39 HOURS, 

TIME OF COOLING TO 500* Fahrenheit, 14 HOURS. 

***** 

NOTE:- Furnace burned out allowing a very rapi<£ 

oooling to take place. 

*••* 

Spedmen #66, packed in Graphite. 

Edge Ferrite & Pear lite. 
Center PURE PEARLITE. 

THE REST OF THE SPECIMENS IN THIS EXPERII4EKT SHOWED, - 
Edge Ferrite and Pearlite. 
Center High Ceurbon Steel* 
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g X P S R I M S N T No. Ig 

ANNEALING TEifPERATUHE OF 1450-1500** Tahrmheit ; 

TIME MAINTAINED, 50 HOURSj 

TIME OF COOLING OF 50 HOURS, 

18 hours to 1390* F. 

7 • • 1350* F. 

35 " ■ 500* F. 

***** 

Spacifflens #76 & 77 which wars In the center 
of the furnace, showed' a fairly good structure. The 
reet of the specimens showed an edge of Ferrite, with 

the interior not completly changed. 

***************** 

t X P E R I M E ff T No. 13 __ 

ANNEALING TEMPERATURE, 1550 - 1600 degrees Fahrenheit; 

TIME MAINTAINED, 50 HOURSj 

TIME OF COOLING OF 70 HOURS; 

45 hours to 1390* F. 
15 " " 1350* F. 
10 " • 500* F. 

All of the specimens in this experiment 
showed a good structure, both edge and center* 
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■ EXPERIMENT No. 14 

ANNEALING TEMPERATURE OF 1550 degrees Fahrenheit; 

TIME MAINTAINS) OF 50 HOURtj 

TIME OF COOLING OF 40 HOURS; 

34 hours to 1390® F. 

1^ ■ ■ 1350" F. 

4 • • 500* F. 

******* 

All of the specimens in this experiment shoved 
the same general structure, as follows,- 
Edge Ferrite ajad Pearlite. 
Center Temper Carbon, Ferrite & P«arlite« 

EXPERIMENT No. 15 



ANNEALING TEMPERATURE OF 1550 degrees Fahrenheit; 

TIME MAINTAINiX) OF 50 HOURS; 

TIME OF COOLING OF 4» HOURS, 

30 hours to 1390* F, 
la • • 1350" F. 

6 " • 500** F. 

• ** 

All of the specimens in this experiment showedij 
Edge Ferrite. 
Centeir Ferrite and Temper Carbon. 



Digitized by 



Google 



Digitized by 



Google 



EXPIRIMEMT No. 16 9d 

ANNEALING TEUPERATUHE OF 15^0 degrees Fahrenheit; 
TIME MAINTAINED OF 50 HOURS j; 
TIME OF COOLING OF 40 HOURS. 



SO 


hours 


to 


1390* 


F. 


I 


«i 


N 


1350* 


F. 


9 


tt 


tt 


500* 


F. 



4r4i^ 



Specimen #99^ packed in Bone Black in SPECIAL BOX. 

Edge Almost pure Carbide^ and Pearlite. 
Center Pearl Ite. 

The rest of the specimens showed the 
same general structure as follows,- 

Edge Ferrite £Uid Pearlite* 

Center Temper Carbon; Ferrite 4 Pearlite. 
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PART IV 



♦ t***" 



****^» 



III. MrCROGRAPHS* COOLING SERIES. 



*** 



999 Figures 1, 2", 3, 4, 5, 6, 7, 

8, 9, 10, 1^, 
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PART 17 
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***** 



ZY. RESULTS AND CONCLUSIONS * TSMPERATUBE SERIES. 
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RESULTS ASD CONCLUSIONS lOl 

It wafi aarly noticed that the rata of coolings 
had an Important effect upon the malleablizlng proceee. 
By referring to the first series of experiments, it will 
be seen that experiment #1 gave the best results. In 
t his experiment, the time of cooling to 1400^ Faihrenheit 
cuid 1350 "'Fahrenheit waa much longer than for #3 and #3. 
Tn experiments #3 and #3, the interior structure was 
found to be composed of Ferrlte, Temper Carbon and 
Pearlite, showing that rapid cooling tends to form a 
steely structure. This fact is also shown in experl* 
ment #11 where the furnace failed and the charge cooled^ 
very rapidlyj the resulting interiot structure was a 
high oarbon steel* 

Experiment #13 shows that a good 
malleable structure was obtained only for those speci- 
mens at the center of the furnace. a^eriment #15 
shows that a good structure was obtained for all sped-^ 
mens* In this experiment, the time of cooling was as 
follows,- 30 hours to ISSO'^F} 13 hours from 1390 "" to 
1350^ F.J and 6 hours from 1250^to 500^F. j making a 
total of 48 hours. In both of these experiments 
the total time of cooling was practically the same, but 
t he time of cooling from the annealing temperature 
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to 1350^ Fahrenheit waa much longer for #15 than for 
#13# This fact tends to show that the rate of coolin^f 
should be slow down to about 1350 degrees Fahrenheit^ 
after which it may become rapid without endangering thr 
malleable structure. 

^ Aa the result of this series of ei^erlmenta^ 
the time of cooling will be taken as 48 hoursj divided 
about as follows, • 30 hours to 1390*F# j 10 to Iff hours 
from 1390* to ISbCl^T.} and 6 to 8 hours from ISSO^'to 
SOO'^degrees Fahrenheit* The point 1250 ^degrees 
Fahrenheit was taken because it is about ZS degreea 
below the A r^ Point on the Rooseboom Diagram. This 
point is the critical temperature at which the solid 
solution of iron carbide breaks down into it'e constit- 
uents of Ferrite and Oementite, and is known as Pearlite. 
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PART ZV 



*•** 



THE EFFECTS OF DIFFERENT PERIODS OF ANNEALING, 
Z« Constanta in this series of experiments. 

II. Datft^ 

E^eriments #17 t o #33 Inclusive* 

III. Micrographs. 

IV» Results and Conclusions. 
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PART ZY 

**** 



•♦♦• 

Z. OONSTAKTS * ANNEALING PSRIOD SERIES. 

1. Packing materials. 

3. Temperature of Annealing 1500 - 1650^ F. 

9. Time of Cooling. ( See C ) 
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PART ZV 



***** 



IT. S A T JL 

(a) fiq^eriments #17 to #33 Inclusive. 

!• Data ghowlng kind of packing 
ueedj numbers of specimens; 
etc* I etc, 

B. Tine ^ Tei&perature heating and 
cooling cxxrves. Charts #11 t o 
#17 inclusive* 

3* Summation data and results of microscopic; 
examination of specimens after annealing. 



Digitized by 



Google 



Digitized by 



Google 



106 



PARI IT 

s 
11 

(a) XXP£RIHENT8 #17 ta 33 IKCLUSIVE^ 



1« Sat A showing the kind of packing materials 
used; number of the specimens; and oon^ 
ditions of the packing emd specimens upon 
unpacking after the annealing process* 



HOTSi- Bo change in this data oveir that given 
under 6 and G« ^ t o which please ref er^. 
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EXPERIMEBT Mo. 17 

Speoimen #106, packed in Bone Black in Special Box. 

Spaclmen #107, packed In Scale In Special Box. 

Specimen #108, packed in Fine Fire Clay. 

Speodmen #109, packed in Scale. 

Specimen #110, No packing. 

EXPERIMENT Mo. 18 
8pe<eiaen #111, packed in Scale. 
Specimen #113:> packed in Fine Fire Clay. 
Specimen #113, packed in Scale in Special Box. 
Specimen #114, packed in Bone Black containing BoGOa ^8peo*l) 
Specimen #115, No packing. 
Specimen #116, packed in Bone Black. 

EXPERIMENT No . 19 „ 
Specimen #117, packed in Scale. 



M 



#118, ■ ■ Fine Fire Clay. 

* #119, packed in Bone Black containing 
BftOO^ , in Special Box:. 

" #130, packed in Bone Black. 

" #131, packed in Cxapric Oxide. Oxide waa all 

rieduoed to metallic copper. 

■ #133, No Packing. 

"' #133a, packed in a mixture of Bone Black, 
Chromite and Beurium C&rbonate. 
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gXPERIMEHT No. 30 108 

Speolmen #133« packed in Bone Black containing Barium 
Carbonate, in Special Box. 

* #134, packed in Fine Fire Clay» Special. 

" #135, i>acked in Scale. 

" #136, packed in Fine Fire Clay. 

" #137, No packing. 

S XPERIMSNT Ho. 31 

Specimen #138, packed in Cupric Oxide. 
Specimen #139, packed in Fine Fire Clay. 

" #130, packed in Scale. 

" #131, No Packing. 

KX P ERIMENT No. 33 
Specimen #133, packed in Fine Fire aiay. 
Specimen #133, packed in Scale. 
Specimen #134, No Packing. 

E X P £ R I MEE N T No. _ 33 

Specimen #135, packed Scale. 

Specimen #136, packed in Fine Fire Clay. 

Specimen #137, packed in Cupric Oxide in ordinary manneri 

the oxide was not reduced to metallic^ 
copper. 
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PART IT 



****** 



****** 



II 



****** 



Ca) EXPERIMENTS #17 to 33: INCLUSIVE. 

3. Time - Temperature Heating and Cooling Curves, 
Charts #11 to #17 inclusive. 
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PART lY 



«♦♦!»♦ 



II 



^♦♦♦♦♦^ 



(a) SXPirRIUENTS #17 to #23 INCLUSIVE. 



3« Sumaatlon Data and Reeulte of Microscopic: 
Sxanination of Specimene cdTteir Annealing* 
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_ S XPERIMEUT No. 17 , 118 

IHSEALINa TEMPERATURE OF 1500--1600 degree Fahrenheit; 

TIME OF ODOLING TO 1360* Fahrenheit, - 

23 hours to 1390* F. 
IS « ■ 1360* F. 

TIME OF HEATING* 43 HOURS. 

Specimen #106, packed in Bone Black in Speaial Box. 

Edge Very High Carbon Steel (Good Sutec^oid) 

Center Temper Csurbon, Ferrite & Pearlite. 

*♦♦♦ 

The rest of the specimena were as follows,- 
Edge Ferrite 

C«hter Temper Carbon, Ferrite &. Pearlite. 

****************** 

E X P E R I M E N T No. 1 8 

ANNEALING TEMPERATURE, 1550 - 1600 F. ; 
TIME OF COOLiriG TO 1350,- 30 HOURS. 

TIME OF HEATING,- 36 HOURS. 

* *** 

Specimen #114, packed in Bone Black & Barium Carbonate. 

Edge CEMENTITE 

Center Ferrite; Temper Carbon & a litt le carbide. 
Note:The rest of the specimens had an edge of Ferrite, and 

an interior of Ferrite, Temper Carbon & a little Ciirbide. 
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gUPERIMENT Ho, 19 119 

iUINEALING TEMPERATURE OF 1500 - 1600 Fahronhelti 

TIlfE OF HEATING OF 36 HOURS; 

TIME OF COOLING TO 1350 Fahrenheit^ 

aO hours to 1390 F. 
S « ■ 1250 F. 

All of the Bpeodmerns in this experiment 

had a rim of either Ferrite or a mixture of Ferrite 

and Pearlitej t he interior structure was composed of 

Temper Carbon^ Ferrite and Cement ite. 

**************** 

EXPERIMENT No. 30 

ANNEALING TEMPERATURE OF 1600 degrees Fahrenheit) 

TIME OF HEATING OF 18 HOURS; 

TIME OF COOLING TO 1250 Fahrenheit, 

30 houxB to 1390 F. 
13 " ■ 1250 F. 

♦ *♦ 
All of the specimens in this experiment 
showed the following structure, - 
Edge Pearlitio 
Center Pearlite and Cementite* 
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K X P g R I H E H T No. ai 130 

ASKSALINO TEMPERATURS OF 1600 degrees Fahrenheit j 

TIMB MAINTAINED OF 34 HOURS; 

TI1& OF COOLING TO 13S0 degrees Fahrenheit, 

30 hoxire to 1390 F. 
12 ■ " 1250 F. 

All specimens had t he following structure,- 
Edge Ferrite and Pearnte. 

Center Ferrite, Cenentlte & Pearlite* 

***************** 

EXPERIMENT No. 33 

ANNEALING TEMPERATURE OF 1600 degrees Fahrenheit; 

TIME MAINTAINED OF 30 HOURSj 

TIME OF COOLING TO 1250 degrees Fahrenheit, 

30 hours to 1390 F. 
10 ■ ■ 1350 F. 

All the spealmens had a good structure as follows,- 

Edge Ferrite 

Canter Temper Carbon and Ferrite. 
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., B X P E R I M S H T No. 33 

ANNEALING TEUFERATURE OF 1600 dagreee Fahrenheit j; 

TIMI MAINTAINED OF 30 HOURS; 

TIUE OF COOLING TO 1250 degrees Fahrenheit, 

36 hours to 1390 F. 
9 " " 1350 F. 

All of the specimens in this experiment had a structur* 
as follows, •« 

Edge Thin layer of Ferrite & Bearlite. 

Center Temper Carbon, Ferrite & Cementite. 
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PART IV 



****** 



4i**4i** 



III. MICROGRAPHS 



**** 



&•• Figures 1, X, Z, 4, 5, 6, 

8, 9, 10, 12". 
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IV. RESULT8 AND CONCLUSIONS. 
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RESULTS AND COHCLUSIONS 134 

This series of experiments shows that a 
malleable structure may be obtained In 76 hoursj xxslnff 
a temperature of ISDO to 1650 dsgrae a Fahrenheit; al* 
though 42 hours would be a safer period to use« 

It Is evident that a high temperature cuts 
down the time of heating ss shown in experiment #33) 
and an experiment conducted outside of this series 
showed that It was possible to get a malleable structurr 
In 18 hours when an annealing temperature of 1800 degrees^ 
Fahrenheit was used* 

The conclusion reached is that a temperature 
of 1690^ t o 1650 degrees Fahrenheit is t he best temper- 
ature to use inasmuch as it is neither too low or toa 
high to endanger malleablization. 
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PART V. 
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PART Y 



**** 



AH EXPERIMENT SHOWING WHAT BE (DUES OF THE CJRBON AT 

THE SURFACE OF WHITE CAST IROH» DURING THE PROCESS OF 

PRODUCING MALLEABLE IRON. 

******** 

I. Introduction* 

II. Apparatus and Methods* 

III. Data. 

IV* Results and Conclusions. 
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I. 137 

IHTRODUCTIOK 

The question of the dleappeaurance of the 
caurbon, or the decmrbotrization of the rim (ekin effect) 
of malleable iron, has been a much dlscueaed one* It 
l8 held by some that the carbon migrates to the interioir 
and remains in the casting^ while others claim that the 
carbon migrates out and disappears entire from the cast^ 
ing. It is obvious that if the carbon migrates out 
and leaves the iron at the temperature used for annealing^, 
it must do so in the form of a carbonaceous gas. Henc^ 
an analysis of the gases evolved by the iron during the 
malleablizing process^ v*.ust7ig no packing material | wo\ild 
report their exact composition and reveal the presence 
or absence of carbonaceous gases « From data of this 
kind^ the method of decarbonization could be more defin- 
itely shown • 

In this connection, the following pre* 
liminary experiment was performed. A piece of white 
iron was annealed in Oupric Oxidr, the idea being to de- 
tect the presence of CO by noticing the degree of reduct - 
ion of the oxide. The result of this experiment show«^ 
ed an extended and complete reduction of the oxide to 
metallic copper , but inasmuch as some reduction of the 
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oupric oxide would occur anyway^ due to the highezr 
heat of formation of the oxide of iron over that of 
copper^ no definite conclusions could be drawn from 
the result of this experiment* 

The final proof of the presence of a 
carbonaceous gas was therefore made by collecting 
the gas coming off from the specimen during the ma^ 
nealing period^ and analizing it according to the 
Hempel Analysis. 
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IPPARATUS AND METHODS 

APPARATUS 

1. A piece of white iron 1 inch square amd 
6 inches long^ weighing 700 grains; used; 
a« the spedmen* 

2. A closed container to hold above consist inj^^ 
of an 1 1/3" X 5** nipple^ with an iron cap 
for one end> and reduced to a 1/4" pipe at 
the other* 

3. 1/4 inch pipe and connections for leading 
gas from container to sampling tubes* 

4« Glass gas saunpling tubes filled with wateir 
saturated with carbon dioxide* 

5« Mercury burette for gas sampling* 

6* Filter pump and connections for exhausting air 
from container and pipes* 

MlgTHOg! 

The container and iron piping were first 
thoroughly cleaned t o remove any dirt or grease ^ aaa(£ 
the inside of the container was given a thin coat of 
fire clay* Hext^ the specimen was placed inside of 
the container^ and after having been tightly screwed^ 
togethexr^ the outside of the container was given a 
very heavy coating of fire clay* The container 
was then placed in the furnace with the outlet pipe 
leading through a hole in the doori and the heat started* 
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After the furnace had been heated to 1600 degrees 130 
Fahrenheit for several hours^ suction was applied to th# 
outlet pipe of the container auid the air exhausted for 
several minutes* Samples No* 1 and No* 3 were then 
tfiiken. 

Sample No* 1 was collected in a glass sampl- 
ing bottle over water saturated with carbon dioxide. 
The gas came over at the rate of about 30 bubbles per 
minute^ with the sampling bottle lying fla$ and the de- 
parti pg water creating no suction. There was suffic- 
ient gas pressure to fill the bottle when the exit of 
the tube was raised higher than the entrance. 

Sample No* 3 was collected over Mercury short- 
ly after No* 1 was taJcen. 

Sample No. 3 was collected cufter the furn- 
ace had been up to 1600 degrees Fahrenheit for 6 hournj 
and up t o 1800 degrees for half an hour* The gas 
came over at a rapid rate auid had considerable pres** 
sure behind it* 
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III. 131 

DATA 

flffapl* Nq.Jj. Colleoted over Water. 

Carbon dioxide 13 • I 

Hydrocarbons 0.0 

Oxygen 8*8 

Carbon monoxide 21.4 

By difference, H 56.6 100.0^ 



£anole No 


. a 


Collected 


over 


Uercury. 




Carbon 


dioxide 




13.3^ 




Hydrocarbons 




0.0 




Oxygen 






8.8^ 




Carbon 


aonoxlde 




36.8^ 




By difference, H 




51.3 



100 •( 



Sample No> Z Collecfted over Water ^ Furnace at 1800 F . 

Caxbon dioxide 4,6^ 

Hydrocarbons 0.0 

Oxygen ZAi^ 

Carbon monoxide 71^3^ 

By difference^ N 30.7 100.0^ 

Attention is called to the very high percent 
of (Ssurbon Uonoxlde and the corresponding low percent- 
ages of Oxygen and Carbon Dioxide « 
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RESULTS AND CONCLUSIONS 133 

From the results obtained in this experl*- 
2nent> the proof of the carbon leaving the casting in 
the form of a carbonaceous gas is established^ 

Both Sample No* 1 and #3 show this fact in 
their analyses^ and are checked « The analysis of 
Sample #3 shows the presence of a very high percent of 
carbon monoxide^ and a corresponding decrease in the 
amounts of oxygen and carbon dioxide. This is prob- 
ably due to the faot that #3 was collected at a much 
faster rate and when the furnace was considerably 
hotter than for No« 1 and No. 2. 
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PART VI 



••** 



GSinCRAL CONCLUSIONS, ETC. 
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PACXINa MATERIALS 134 

1« The nature of the packing does not ttffe<art the 
Interior atructure of the iron; while the eurface or 
"akin* effect may vary from pure Ferrite to a Pearlitia 
Structure* 

Z. Packings like rolling mill scale and fire 

clay give as good results as any^ and have the added 
advantage of being cheap v^ Of these two packings^ fire 
clay would be the better because it packs closer and 
more effectively prevents sccess of the oxygen of the 
air to the specimen or casting. 

3« Castings may be malleablized without the 

use of any packings but a good muffle furnace should be 

used to cut down the oxidation of the casting's surface* 

4. Air tight containers or those as nearly so as 
possible should be used to cut down oxidation effects. 
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TiMPERATURE OF ANNEALING j^3g 

l« A tesqperatiite of 1550 to 1650 degrees Fahren- 
heit has proven to be best temperature to use for iron 
of the analysis previously given. This range InsurMr 
a complete breaking down of the Carbide* 

3« A temperature below 1400 degrees did not 
cause a complete breaking down of the Carbide structure; 
abd even prolonged heating would not have produced a 
malleable structure at 1000 degrees Fahrenheit* 

3. At temperatures of 1400 to 1500 degrees^ 
there is danger in not getting a good malleable struct- 
ure in those castings farthest from the source of heat 
amd the furnace walls* 
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TIUS OF COOLINd 

1« The tlffle of cooling from the cinnealing tem- 
perature to 1300 degrees Fahrenheit^ is t he most 
importfluit variable in the processt 

3; A irapid rate of cooling^ even when sufficient 
heat and time of annealing is used^ forms a Pearlitia 
or "steely* structure. 

3« The time of cooling to 1350 degrees Fahren- 
heit should be about 43^ hour a^ The cooling below 
this temperature may be rapid and not materially af- 
fect the malleable structure* 
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TIMS OF ANNEALING 



1. A period of from 36 to 4? hours gave the 
best results for this range of temperature* 

2. An experiment not herein rBOorded showed 
that a good malleable structure could be obtained in 

20 hours using a temperature of fluinealing of 1800 degrees* 

3. The period of annealing is entirely dependent 
upon the temperature of annealing and the type of fur^ 
nace used* 
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Figure #1^ 



Figure 
Figure 

Figure 



#3, 

#3, 



#4, 

Figure #5, 
Figure #6, 
Figure #7, 



Figure 
Figure 
Figure 
Figure 
Figure 



#8, 
#9, 

#10, 

#11, 
#13, 



Z 100, etched with Pioric Aaid. Shows 

good interior structure of Ferrite 
and Temper Carbon. 

Z 100, etched with Pioric Acid« Shows 
rim of pure Ferrite* 

Z 100, etched with Picric Acid. Shows 
an edge composed of Ferrite and 
Pearlite. (Steel) 

Z 100, etched with Picric Acid. Shows 
an interior structure of Ferrite, 
Temper Carbon and Pearlite. 

Z 100, etched with Picric Add. Shows 
an edge carbonized; Bone Black 
used as a packing material. 

Z 100, etched with Picric Acid. Shows 
an interior structure of Ferrite, 
Temper Carbon and traces of Carbide* 

Z 100, etched with Picric Acid. Shows 
an interior white iron structure 
which is partially broken down# 

Z 100, etched with Picric Acid. Shows 

an edge of steel - Pearlitic structure* 

Z 100, etched with Picric. Shows interior of 
Ferrite, Temper Carbon & Pearlite* 

Z 100, etched with Picric* Shows an edge of 
very high carbon steel. 

Z 100, etched with Picric. Shows peculiar 
structure of double steel layer. 

Z 100, etched with Picric. Shows a heavy 
layer of Ferrite and then Pearlite* 
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Figure No. 1. 



Figiiro No. ?• 
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Figure No« 3. 



Figure No* 4. 
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Figure No. 5« 



Figure No. 6^ 
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Figure Ho. 7, 



Figure No. 8. 
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Figure No. 9. 



Figure No. 10. 
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Figure No. 11. 



Figure No. 13. 
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